Objective: To evaluate the relation between body fatness (%Fat) and body mass index (BMI) and to evaluate the validity of the BMI standards for obesity established by the NIH in older black and white postmenopausal women. Research methods: Height, weight, BMI, and %Fat, assessed by DXA, were determined for 296 healthy, independently living women ranging in age from 50 to 80 years (M7s.d.; 64.477.8 years). Results: Per NIH guidelines, 32% were classified as obese (X30 kg/m 2 , mean BMI ¼ 28.175.5 kg/m 2 ). In contrast, using the %Fat criterion of 38% advocated by Lohman to define obesity, 47% of our sample was obese (mean %Fat ¼ 37.376.2%). A moderately high curvilinear relation existed between BMI and %Fat (R ¼ 0.82, SEE ¼ 3.57 %Fat, Po0.05). Race added meaningfully to the prediction of %Fat (Po0.05) such that for the same BMI, black women will have 1% lower body fatness than white women. Based on a %Fat X38 as the criterion for obesity, receiver operating characteristic (ROC) analysis, performed separately by race, indicated that the currently accepted BMI cutpoint for obesity produced low sensitivity (69% and 61% for black and white women, respectively). Alternatively, BMI valuesX28.4 kg/m 2 for black women and X26.9 kg/m 2 for white women to define obesity maximized classification accuracy. Conclusion: We conclude that current BMI categories may not be appropriate for identifying obesity among postmenopausal women. Furthermore, the relation between BMI and %Fat is different in black compared to white women but remains constant from the sixth through the eighth decade of life.
Introduction
Based upon recommendations of the Expert Panel on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults, the currently accepted definition of obesity is a body mass index (BMI) X30 kg/m 2 . 1 The basis for the NIH expert panel recommendation regarding weight status is linked to observational and epidemiological studies that relate BMI to risk for morbidity and mortality. 1, 2 Notably, approximately 70% of early postmenopausal women are classified as overweight or obese using BMI. 3 It is evident that obesity and adipose tissue distribution influence the risk for numerous diseases including type 2 diabetes, hypertension, and cardiovascular disease. [1] [2] [3] [4] Although not a direct measure of relative body fatness, BMI is the most common method to assess overweight and obesity status in clinical settings. 2 Because the link between increasing BMI and health risk is related to increases in adipose tissue, especially the abdominal depot, the relative accuracy of BMI classifications to reflect adiposity is essential, especially in a population that has increased risk for obesity-related diseases after menopause. 5 Menopause, specifically the reduction of estrogen, causes a reduction in bone mass 6, 7 and an increase in adiposity. 8, 9 Although it is thought that reductions in estrogen alter muscle metabolism, the link between menopause and changes in skeletal muscle mass are less established. [9] [10] [11] Previous work in early postmenopausal women by Blew et al., 12 using body fat percentage (%Fat) 438 to define obesity and receiver operating characteristic (ROC) curves analysis, determined that although there was a strong relation between BMI and %Fat, NIH BMI-based classifications for obesity were inaccurate in that a BMI of 25 kg/m 2 was more appropriate than 30 kg/m 2 for classifying a mid-life woman as obese. Owing to increases in adiposity, decreases in bone mass and potential decreases in skeletal muscle with age, the relation between BMI and %Fat may change as women progress from early to late menopause. The established BMI guidelines for adults are independent of age, sex, and black/white racial status; 1,2 however, these aforementioned factors have been shown to affect the relation between BMI and %Fat. 13 In an older female population, racial differences exist in risk for osteoporosis and sarcopenia. Specifically, the literature suggests that postmenopausal black women have greater bone mass, partially due to a greater lean body mass, compared to ageand BMI-matched white women. 14 Racial differences have been shown to alter the relation between BMI and %Fat, but these relations have been inconsistent. [13] [14] [15] [16] The primary aims of this study were to evaluate the effects of age on the relation between BMI and %Fat in postmenopausal women in the sixth through the eighth decades of life, and to assess the appropriateness of the BMI classification for obesity in this population. A second aim was to determine if race (black vs. white) affects the relation between BMI and %Fat in postmenopausal women. Our hypothesis was that the relation between BMI and %Fat would change from the sixth to the eighth decade of life because of relative increases in fat mass and reductions in fat-free mass. Further, we speculated that for a given BMI, black women would have lower %Fat compared to white women.
Methods

Participants
Convenience data were obtained from 296 ambulatory postmenopausal women between the ages of 50 and 80 years enrolling in various studies conducted under the direction of the first author. Notably, the recruitment strategies did not involve stipulations on body size, diet, or exercise history. The only recruitment limitation relating to body size was the necessity to fit within the confines of the DXA scanning bed and to be less than 300 pounds as per the dual energy X-ray absorptiometry (DXA) manufacturer's recommendations. All women were at least 2 years postmenopausal as determined by self-report of menstrual history and menopausal symptoms. The Human Subjects Institutional Review Board of the University of Illinois approved all studies that generated this convenience data set.
DXA
Relative body fatness was measured by DXA using the same scan mode (Hologic QDR 4500A bone densitometer, software version 11.2, Bedford, MA, USA). Subject placement for the scans was standardized and adhered to the manufacturer recommendations. Scans were performed by an Illinois statelicensed X-ray technologist and analyzed by the first author certified by the International Society for Clinical Densitometry (ISCD) as a clinical densitometrist. Short-and longterm accuracy of the densitometer were verified by scanning the manufacturer's hydroxyapatite spine phantom of a known density. Precision for DXA measurements of interest are o1% in our laboratory. In our experience, the standard deviation of repeated measurements of fat-free mass and fat mass within an individual is B0.5 kg.
Anthropometry
Standing height and weight measurements were completed with subjects wearing light-weight clothing and no shoes. Height was obtained to the nearest 0.1 cm using a stadiometer with subjects' arms at their sides and their weight distributed evenly on both feet. The chin was held in a horizontal position, perpendicular to the floor, and the measurement was made after a maximal inhalation. Weight was measured on a calibrated digital scale (Tanita, Model BWB-627A, Tokyo Japan) while subjects stood with their weight evenly distributed. The averages of duplicate height and weight measures were used for data analysis. BMI was calculated as weight in kilograms divided by height in meters squared.
Data analyses
All data analyses were conducted using SPSS version 11.5. (SPSS, Inc., Chicago, IL, USA). Means, standard deviations, and distribution statistics (skewness and kurtosis) were calculated to screen the data and ensure that assumptions of normality were met for subsequent analyses. The normreferenced relationship between BMI and %Fat was analyzed using multiple regression analysis to determine whether the relation between BMI and %Fat was linear or curvilinear, and whether this relation was moderated by race or age. Finally, appropriateness of various BMI cutpoints for obesity was evaluated using ROC curves. All significance tests were conducted at the Po0.05 level.
When BMI is used to classify obesity status (i.e., obese/ nonobese), ROC curves can be used to determine the accuracy of this classification and further delineate true/ false and positive/negative outcomes. Two indices (sensitivity and specificity) were used to evaluate classification accuracy for positive (obese) and negative (nonobese) cases. Sensitivity is the accuracy of correctly categorizing obese women, or the proportion of DXA-classified obese women who are correctly classified as obese via the BMI cutpoint. Sensitivity is calculated by the following formula:
true positive Ä ðtrue positive þ false negativeÞ:
Specificity is the accuracy of categorizing nonobese women, or the proportion of DXA-classified nonobese women who Obese classification in postmenopausal women EM Evans et al are correctly classified as nonobese using BMI. Specificity is calculated by the following formula:
true negative Ä ðtrue negative þ false positiveÞ:
In the current study, the primary DXA-classified obesity status was based upon the recommendation of Lohman et al. 17 that middle-aged postmenopausal women with X38
%Fat are classified as obese. Although some obesity experts, including Lohman, have recommended a lower %Fat cutpoint to define obesity for younger individuals (e.g. 30-35 %Fat), Lohman promotes a slightly higher recommendation in middle-age based upon data from the NHANES studies. These data suggest that a small increase in fatness occurs during middle age without a concomitant increase in health risk factors. 17 In addition to the criterion of 38 %Fat, the values of 35 and 40 %Fat were also evaluated for three reasons: (1) Lohman et al. 17 recommended that X35 %Fat is an appropriate obesity criterion in the elderly (defined as X65 years old); (2) the age range in our data sample spanned Lohman's definition of middle-aged and elderly; and (3) there is a lack of consensus among obesity experts regarding the %Fat threshold that is associated with adverse health outcomes in postmenopausal women. Analysis using ROC curves involves calculation of sensitivity and specificity rates corresponding to various BMI cutpoints. By default, SPSS performs these calculations for BMI cutpoints equal to every observed BMI value in the data set. The ROC statistical output and ROC curve are used to determine which BMI value provides maximum classification accuracy, defined as (sensitivity þ specificity). The area under the curve (AUC) statistic is a global measure of the overall diagnostic accuracy of BMI to determine clinical (i.e. obesity) status.
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Results
Descriptive statistics are presented in Table 1 . All variables used in subsequent analyses were normally distributed, having skewness and kurtosis values less than |2.0|. Black women had a higher BMI due to being significantly shorter than white women coupled with a strong trend to be heavier (P ¼ 0.06). No significant racial differences were detected in age or %Fat.
Overall, 140 of 296 women (47%) were classified as obese using Lohman Figure 1) , the relationship between BMI and %Fat appeared slightly curvilinear. Addition of a quadratic function (BMI 2 ) added significantly (Po0.05) to the prediction of %Fat, increasing the multiple correlation to R ¼ 0.82, and reducing the SEE to 3.57 %Fat. Thus, although the quadratic function was significant, the practical improvement in prediction was quite small. Neither age nor the age*BMI interaction added significantly (P40.05) to the prediction of %Fat. However, adding either race or the race*BMI interaction increased the multiple R significantly (Po0.05) though minimally, and decreased the SEE minimally. These results are summarized in Table 2 . Model 3a is represented by the following equation with race coded as 0 ¼ black and 1 ¼ white: Obese Because hormone replacement therapy (HRT) has been shown to affect fat and fat-free mass, the latter predominantly through bone, 7-9 the possible influence of HRT on the analyses was tested. Women currently on HRT (n ¼ 87) were significantly (Po0.05) younger than non-HRT women (n ¼ 209), but were not different in weight, BMI, or %Fat. Notably, HRT status was not related to %Fat, and did not moderate the relation between BMI and %Fat (i.e., the BMI*HRT interaction was nonsignificant). Therefore, no adjustment for HRT status was necessary for any of the analyses.
The additional contribution of either race or race*BMI to the prediction of %Fat may appear minimal, based upon the small increase in R and decrease in SEE. However, the implications of the regression coefficients are clinically important. For example, the coefficient for race (b ¼ 1.241; s.e. ¼ 0.472; Po0.05) in Model 3a implies that for any given BMI, on average, white woman will be 1.2 %Fat greater than a black woman with the same BMI. The coefficient for the race*BMI interaction (b ¼ 0.042; s.e. ¼ 0.016; Po0.05) in Model 3b also implies that for any given BMI, a white woman will have a higher %Fat than a black woman and that the racial difference becomes greater as BMI increases. For example, predicted %Fat using Equation 3b is 0.8% higher in white women with a BMI of 20 kg/m 2 , whereas the prediction is 1.1 %Fat and 1.3 %Fat higher in white women compared to black women with BMI values of 25 and 30 kg/m 2 , respectively. The clear implication from the coefficients for Race and Race*BMI in Model 3a and Model 3b is that the BMI cutpoint that is equivalent to 38 %Fat will be different in black and white women. Consequently, we conducted the ROC curve analysis separately for white women and black women. The AUC was 0.883 (95% CI ¼ 0.810-0.957) for black women and 0.910 (95% CI ¼ 0.872-0.948) for white women.
BMI cutpoints associated with the highest overall classification accuracy are presented in Table 3 . These are presented for obesity cutpoints of 35 %Fat (recommended by Lohman for elderly women), 38 %Fat (recommended by Lohman for middle-aged women), and 40 %Fat (for reference purposes). The confidence intervals show that the overall performance of BMI as a method for classifying obese women is significantly higher than the traditional null hypothesis standard of AUC ¼ 0.5. [18] [19] [20] For black women, highest classification accuracy for obesity (using the 35, 38, and 40 %Fat cutpoints) corresponded to BMI values of 28.3, 28.4, and 28.4 kg/m 2 , respectively, and for white women, highest classification accuracy was associated with BMI values of 26.4, 26.9, and 27.5 kg/m 2 . The higher BMI cutpoints for black women compared to white women support the findings of the regression analysis, that for a given BMI, white women have a higher %Fat than black women. For both groups of women, the NIH obesity BMI cutpoint of 30 kg/m 2 produced low classification accuracy overall regardless of which %Fat criterion defined obesity, especially for sensitivity (53-72% accuracy and 47-71% accuracy for detecting obesity among black women and white women, respectively). The 95% confidence intervals around our sensitivity estimates demonstrate that sensitivity of the proposed BMI cutpoints was significantly improved over that of the NIH standards.
Discussion
The present study investigated the relation between BMI and %Fat in black and white postmenopausal women, and explored the appropriateness of the NIH BMI criterion for defining obesity in this population. Contrary to our first hypothesis, age did not significantly moderate the relation between BMI and %Fat across the sixth through eighth decades of life. However, in support of our second hypothesis, race significantly altered the prediction of %Fat by BMI whereby for a given BMI, black women had a lower %Fat compared to white women. More importantly, our results provide evidence that the BMI cutpoint of 30 kg/m 2 is too high for defining obesity among black and white postmenopausal women. When DXA-derived %Fat (X38 %Fat) was used to define obesity, 47% of the sample was obese, with similar rates for white (29.275.9 kg/m 2 and 39.078.0 %Fat) women aged B6675 years. Notably, when using ROC analysis to determine accuracy in identifying obese individuals, equal numbers of obese and non-obese in the sample are preferable in order to obtain stable estimates of sensitivity. 19 The impact of race on the relation between BMI and %Fat has been explored with confounding results. Fernandez et al 13 determined that the relation between BMI and %Fat, as measured by DXA, differs with body size. For example, at a BMI o30 kg/m 2 , Hispanic women had higher %Fat than white (European descent) or black women, whereas at a BMI435 kg/m 2 white women had higher %Fat than Hispanic or black women. However, across the range of fatness for the entire sample (N ¼ 933), the slope of the prediction line was not different between black and white women. In contrast and similar to the present study, Aloia et al.
14 determined that at the same %Fat, black women had a significantly higher BMI than white women. Moreover, black women had higher mineral and lean mass even after adjusting for height, weight, and age. Specific to racial differences in older women, Kleerekoper et al. 22 reported data on women aged 55-75 years who were at least 10 years postmenopausal with minimal estrogen exposure and free from osteoporosis or other bone disease. Similar to Aloia et al. 14 differences existed between the black and white women in fat, lean, and mineral mass; however, when data were corrected for body weight, these racial differences were not significant. The effect of age on the relation between BMI and %Fat has also been explored, with differing results. The crosssectional data of Aloia et al.
14 suggests that the ratio of bone mineral to muscle mass changes with age in white women, whereas in black women it remains constant. While this finding is not in agreement with our results, two notable differences in Aloia et al.'s study are the age of their subjects (45712 years) as compared to ours (6678 years) and the exclusion of obese participants. Our results provide additional evidence that the currently used BMI value for defining obesity may be too high and is associated with low sensitivity and low classification accuracy overall. Moreover, our work extends the findings by Blew et al. 12 by evaluating the relations between BMI and %Fat in black and white postmenopausal women using ROC analysis.
Although the utility of BMI to screen for obesity is important and necessary in the primary care and public health arenas, 23 the limitations of BMI to assess relative body fatness on an individual level in elderly women 24 are well acknowledged. Further, the statistical determination of overall classification accuracy ignores the question of whether sensitivity or specificity is more important in the clinical setting. Owing to the many public health implications of obesity, sensitivity may be seen as more important than specificity or alternatively, the ramifications of a false negative are greater than those for a false positive finding. Our results have clinical relevance for the use of BMI to classify obesity (defined via a %Fat criterion) in black and white women. First, we demonstrated that race (black vs white) impacts the relation between BMI and adiposity. The slope for race in our regression equation indicates that for any given BMI, black postmenopausal women have a meaningfully higher %Fat. The implication of this evidence is that (based on adiposity as a criterion health indicator) different BMI cutpoints for obesity should be used for black and white women. The differential BMI-%Fat relationship we found supports existing research evidence suggesting that race (black vs white) impacts the relation between BMI, adiposity, and metabolic disease risk. In an obese population matched on BMI, differing relations existed between adipose depot and metabolic syndrome in older black and white women. 25 Additionally, the odds ratios for metabolic syndrome were determined to be lower in black women compared to white women at any given %Fat or BMI. 26 Second, from a pragmatic standpoint, the racially different BMI cutpoints evidenced from ROC analyses on black and white women constitute meaningful body weight differences. For example, the BMI cutpoints of 28.3 and 26.4 kg/m 2 for black and white women, respectively (see Table 3) correspond to a 5.5 kg (12.1 lb) difference between a black woman (79.6 kg, 175.1 lb) and a white woman (74.2 kg, 163.2 lb) matched on height (176 cm, 66 in). Similar differences of several kilograms of body weight are implied by the different race BMI standards, regardless of which %Fat criterion score is used. Our study has limitations. Our sample of black women was smaller than our sample of white women, leading to wider confidence intervals for sensitivity and specificity in the black sample. Greater sampling variability in sensitivity and specificity means that the selection of the BMI cutpoints for black women should be cross-validated in a larger sample before general adoption is considered. Moreover, this sample was recruited from a mid-sized, Midwestern city in the US which is dominated by a large research university; therefore, our sample may not be representative of all black and white women. Importantly, it must be acknowledged that although the purpose of this study was to determine the impacts of menopause and race on the relationship between BMI and %Fat, an important question remains regarding the impact of race on the interaction between BMI, %Fat, and health risk as women progress from early to late menopause. This aspect of women's health remains inadequately characterized.
Additionally, in keeping with our interest in extrapolating our results to the general public, women enrolled in these studies had a variety of activity patterns, health histories, and medication use. Although we reported and evaluated our data with regard to current HRT use, we did not control for past HRT use, bone medication use, or other medications known to affect body composition. Importantly, these research participants were not recruited for an intervention study; therefore, although they are volunteers, their enrollment was not impacted by the opportunity to obtain a drug (e.g. estrogen) or intervention (e.g. exercise or diet). This unrestricted recruitment undoubtedly increased variability in the sample studied; our sample is therefore more representative of individuals evaluated in a primary health care setting.
In conclusion, our results suggest the need for race-specific BMI classifications to define obesity. Specifically, the relation between BMI and %Fat differs in black and white postmenopausal women. Furthermore, based upon the high adiposity among postmenopausal women in our sample, the results of our work suggest that the currently accepted BMI cutpoint of 30 kg/m 2 to define obesity is too high for postmenopausal women. Additional research is needed regarding the relation between BMI and %Fat in older women, especially with regards to racial differences in large samples. Moreover, the racial impact on the link between BMI and risk for morbidity and mortality requires further study.
